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(57) A polymer composed of structural units having 
a fused ring structure derived from a nitrogen-contain- 
ing cyclic compound and a quinone compound as repre- 
sented by the following formula is used as an electrode 
material for use in batteries. This makes it possible to 
provide batteries having excellent cycle characteristics 
and a high power density. 
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Description 

BACKGROUND OF THE INVENTION 

5 1 . Field of the Invention: 

[0001] This invention relates to electrode materials for use in batteries, and electrodes and batteries using the same. 
2. Description of the Related Art: 

10 

[0002] In conventional polymer batteries, electrically conductive ^-conjugated polymers formed by electrochemical or 
chemical polymerization have been used as electrode materials. For example, the use of polyacetylene for electrodes 
was reported in J. Chem. Soc. Chem. Commun.,(1981) 317-319. Thereafter, extensive investigations on polyaniline, 
polypyrrole, polythiophene and the like have been carried out, and books for the explanation of batteries using electri- 
15 cally conductive polymers have already been published. 

[0003] However, when an electrically conductive ^-conjugated polymer alone is used, the resulting capacity is limited 
because of the reaction of 0.5 to 1 electron per monomeric unit. 

[0004] Accordingly, in order to increase the capacity, it has been intended to fabricate a composite electrode by form- 
ing an electrically conductive n-conjugated polymer by electrochemical or chemical polymerization and then adding 

20 thereto a quinone compound which has poor electronic conductivity but can induce an oxidation-reduction reaction. For 
example, a composite electrode formed from polyaniline and benzoquinone has been reported in Synth. Met., 83 
(1996) 89-96. In this composite electrodes, the proportion of a part contributing to a oxidation-reduction reaction per 
molecular weight is increased, resulting in an increased capacity. The reason for this is that, while the use of an electri- 
cally conductive it-conjugated polymer alone gives a low capacity because of the reaction of 0.5 to 1 electron per mon- 

25 omeric unit, the combined use of benzoquinone can add its oxidation-reduction capacity thereto. Moreover, the 
oxidation-reduction reaction of quinone proceeds rapidly as a result of interaction between the nitrogen atoms of poly- 
aniline and benzoquinone, resulting in an enhanced power density. 

[0005] However, batteries using such composite electrodes have the disadvantage that, as the number of charge-dis- 
charge cycles is increased, the quinone compound is eliminated to cause a decrease in capacity. 
30 [0006] On the other hand, an electrode formed by adding an electrically conducting additive (e.g., carbon) to an 
unconjugated polymer having no electrical conductivity, such as an electrode using a polymer of benzoquinone as the 
unconjugated polymer, has been investigated. However, also with respect to batteries using such electrodes, it has 
been reported that, as the number of charge-discharge cycles is increased, the contact between the polymer and the 
electrically conducting additive is lost to cause a decrease in capacity. 

35 

SUMMARY OF THE INVENTION 

[0007] It is an object of the present invention to provide batteries having excellent cycle characteristics and a high 
power density, as well as electrodes and electrode materials for use therein. 
40 [0008] Accordingly, the present invention relates to an electrode material for use in batteries which comprises a pol- 
ymer comprised of structural units having a basic structure derived from a nitrogen-containing compound and a qui- 
none compound. 

[0009] Moreover, the present invention relates to an electrode material for use in batteries which comprises a copol- 
ymer comprised of monomeric units having a basic structure derived from a nitrogen-containing compound and a qui- 
45 none compound, and monomeric units forming a ^-conjugated polymer. 

[0010] Furthermore, the present invention relates to a battery electrode comprising one of the aforesaid electrode 
materials for use in batteries. 

[001 1] Moreover, the present invention relates to a battery using, as at least one electrode thereof, the battery elec- 
trode comprising one of the aforesaid electrode materials for use in batteries. 

so [001 2] In the present invention, the nitrogen atom(s) of the nitrogen-containing compound and the active group of the 
quinone compound (hereinafter referred to as the "quinone active group") are present in the same molecule and, more- 
over, in the same structural units of the polymer. Thus, the oxidation-reduction reaction at the quinone site is efficiently 
accelerated to cause an enhancement in power density This effect is suggested in Synth. Met., 83, 89 (1996), where it 
is reported that, on a composite electrode fabricated by synthesizing polyaniline by electrolytic polymerization and 

55 sweeping it in an aqueous solution of benzoquinone. the oxidation-reduction reaction of quinone proceeds rapidly as a 
result of interaction between the nitrogen atoms of polyaniline and the quinone. 

[001 3] Moreover, since the nitrogen-containing compound and the quinone active group are present in the same mol- 
ecule, the battery can be repeatedly charged and discharged without eliminating the quinone active groups from the 
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electrode, resulting in improved cycle characteristics. 

[001 4] Furthermore, as compared with the case in which molecules having a quinone active group and a polymer hav- 
ing nitrogen atoms are simply mixed together, the molecular weight required for the reaction of each electron is reduced 
because nitrogen atoms and quinone active groups are present in the same molecule. That is, the theoretical capacity 
5 is increased owing to the presence of nitrogen atoms and quinone active groups in the same molecule. 

[0015] In addition, when the aforesaid polymer is copolymerized with a monomer forming an electrically conductive 
polymer, quinone active groups inherently having poor electronic conductivity, together with electrically active polymeric 
units, are present in the same molecule. Thus, the copolymer can retain electronic conductivity even if its contact with 
an electrically conducting additive is lost, resulting improved cycle characteristics. 

w 

BRIEF DESCRIPTION OF THE DRAWING 

[001 6] FIG. 1 is a graph showing capacity changes (C/C 0 ) relative to the capacity (C 0 ) observed at charging and dis- 
charging rates of 1C, when batteries constructed in several examples of the present invention and in a comparative 
15 example were charged at 1C and then discharged at varying discharging rates, after the charge-discharge cycle was 
repeated 5,000 times. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

20 [001 7] In the present invention, it is preferable that the aforesaid basic structure be a fused ring structure derived from 
a nitrogen-containing cyclic compound and a quinone compound. Moreover, it is also preferable that the monomeric 
units forming a * -conjugated polymer be units derived from an aniline compound. Furthermore, it is also preferable that 
the aforesaid nitrogen-containing cyclic compound be an aromatic amino compound or a nitrogen-containing heterocy- 
clic compound. 

25 [0018] Specific examples of the polymer used in the electrode material of the present invention are those represented 
by the following general formulae. 



30 



35 



40 




50 



55 



3 



>.<EP 0924782A1J_> 



EP 0 924 782 A1 




nucrwin. .cn 



EP 0 924 782 A1 



5 




[001 9] In these formulae, each R independently represents a hydrogen atom, a carboxyl group, a nitro group, a cyano 
group, a halogen atom (X), -CX 3 , -NHCOR 2 , -OR 2 , a hydroxyl group, an amino group, -N(R 2 ) 2 . a sulfonic acid group or 
15 the like, wherein R 2 is an alky! group of 1 to 10 carbon atoms and preferably a methyl or ethyl group. 

[0020] The above-described polymers may be prepared from the following monomers according to any of the well- 
known methods. 
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[0021 ] In these formulae, R corresponds to R in the above-described polymers. 
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[0022] The methods for polymerizing the foregoing monomers include, for example, a method in which a monomer 
as described above is dissolved in a solvent (water or an organic solvent such as acetonitrile, methanol, ethanol, pro- 
pylene carbonate or y-butyrolactone) with the aid of a proton acid (e.g., hydrochloric acid, sulfuric acid, perchloric acid, 
tetrafluoroboric acid or trifluoroacetic acid) and electrochemically polymerized, and a method in which a monomer as 
5 described above is chemically polymerized in an acid solution with the aid of an oxidizing agent such as ammonium per- 
sulfate or iron trichloride. 

[0023] The polymer prepared according to any of the above-described methods is mixed with an electrically conduct- 
ing additive comprising carbon powder, and a solution of a binder such as polyvinylidene fluoride. Then, a battery elec- 
trode is fabricated by depositing the resulting slurry on a current collector so as to form a film. 
10 [0024] The electrode thus obtained is used as at least one of the positive and negative electrodes. 

[0025] As the electrolytic solution, there is used an aqueous solution of a proton acid or a nonaqueous solution having 
a proton source added thereto. Finally, a battery is constructed by arranging the positive and negative electrodes in 
opposed relationship with a separator interposed therebetween. 

[0026] The present invention is further illustrated by the following examples. However, these examples are not to be 
75 construed to limit the scope of the invention. 

Example 1 

[0027] 0.01 M 1 ,5-diaminoanthraquinone [i.e., the compound of formula (8) in which R is H] was added to a propylene 
20 caroonate (hereinafter abbreviated as "PC") solution containing 0.5M tetraethylammonium perchlorate, and dissolved 
therein by stirring the mixture. 

[0028] After 0.5M trifluoroacetic acid serving as a proton acid was added to the above solution, sweep polymerization 
was carried out on a gold electrode by using a sweep range of 0 to 1 ,500 mV, a sweep rate of 100 mV/s, and a counter 
electrode comprising a platinum wire. The resulting polymer was thoroughly washed with distilled water, washed with 

25 ethanol, and dried at 30°C and 1 0 Torr for 6 hours. 

[0029] In a mortar, 0.5 mg of the resulting polymer (polydiaminoanthraquinone) was mixed with 0.5 mg of carbon pow- 
der. After this powder mixture was dispersed in N,N<limethylformamide (hereinafter abbreviated as "DMF"), a solution 
of polyvinylidene fluoride (hereinafter abbreviated as "PVDF") in DMF was added thereto in an amount equivalent to 
15% by weight and mixed therewith to form a slurry. 

30 [0030] Using a doctor blade, the resulting slurry was spread on an electrically conductive sheet (made of a styrene- 
ethylene block copolymer having carbon powder dispersed therein) so as to form a film. This film was dried at 120°C 
for 1 hour to obtain a battery electrode. The film thickness of this electrode was 50 microns. 

[0031 ] The electrode thus obtained was used as the positive electrode. On the other hand, using polydimethoxyaniline 
doped with polyvinylsulfonic acid (hereinafter abbreviated as "PVSA*') in place of polydiaminoanthraquinone, an elec- 
35 trode was fabricated in the above-described manner and used as the negative electrode. Then, a battery was con- 
structed by using these electrodes, an electrolytic solution comprising a 6M PVSA solution, and a separator comprising 
a porous polypropylene sheet 

[0032] In order to examine its cycle characteristics, the battery so constructed was evaluated by charging and dis- 
charging it at 1C and measuring the initial capacity (C 0 ) and the discharge capacity (C 500 o) after the charge-discharge 

40 cycle was repeated 5,000 times. Moreover, in order to examine its power density, the above battery was charged at 1 C 
and then discharged at varying discharging rates ranging from 10C to 200C. Thus, capacity changes relative to the 
capacity observed at charging and discharging rates of 1C were measured. Table 1 shows the C5000/C0 ratio and the 
discharging rate at which the capacity decreased by more than 20% when the capacity observed at charging and dis- 
charging rates of 1 C was taken at 1 00%. FIG. 1 shows capacity changes (C/C 0 ) relative to the capacity (C 0 ) observed 

45 at charging and discharging rates of 1 C, when batteries constructed in several examples of the present invention and 
in a comparative example were charged at 1C and then discharged at varying discharging rates, after the charge-dis- 
charge cycle was repeated 5,000 times. 

Example 2 

50 

[0033] 0.01M 1 ,5-diaminoanthraquinone [i.e., the compound of formula (8) in which R is H] was added to a y-butyro- 
lactone solution containing 0.5M tetraethylammonium perchlorate, and dissolved therein by stirring the mixture. 
[0034] A y-butyrolactone solution of iron toluenesulfonate serving as an oxidizing agent was added to the above solu- 
tion, and the resulting mixture was stirred to yield a polymer. This polymer was separated by suction filtration, thor- 
55 oughly washed with distilled water, washed with ethanol. and dried at 30°C and 10 Torr for 6 hours. 

[0035] Using the polymer thus obtained, an electrode was fabricated in the same manner as in Example 1 . Then, a 
battery was constructed by using this electrode in combination with a counter electrode comprising polydimethoxy- 
aniline, and evaluated in the same manner as in Example 1 . 
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Example 3 

[0036] 0.01 M 1 ,5-diaminoanthraquinone and 0.01 M aniline were added to a propylene carbonate solution containing 
0.5M tetraethylammonium perchlorate, and dissolved therein by stirring the mixture. 
5 [0037] After 0.5M trif luoroacetic acid serving as a proton acid was added to the above solution, sweep polymerization 
was carried out on a gold electrode by using a sweep range of 0 to 1 ,500 mV, a sweep rate of 100 mV/s, and a counter 
electrode comprising a platinum wire. The resulting copolymer was thoroughly washed with distilled water, washed with 
ethanol, and dried at 30°C and 10 Torr for 6 hours. 

[0038] Using the copolymer thus obtained, an electrode was fabricated in the same manner as in Example 1. Then, 
10 a battery was constructed by using this electrode in combination with a counter electrode comprising polydimethoxy- 
aniline, and evaluated in the same manner as in Example 1 . 

Example 4 

15 [0039] The same electrodes as used in the same manner as in Example 1 were fabricated. Then, a battery was con- 
structed by using these electrodes in combination with an electrolytic solution comprising a PC solution containing 1M 
trifluoroacetic acid, and evaluated in the same manner as in Example 1 . 

Comparative Example 1 

20 

[0040] Polyaniline powder obtained by chemical polymerization was doped with PVSA by stirring it in a PVSA solution 
at 70°C for 6 hours. The resulting polyaniline was thoroughly washed with distilled water, washed with ethanol, and 
dried at 30°C and 10 Torr for 6 hours. 

[0041] In a mortar, the PVSA-doped polyaniline thus obtained and benzoquinone were intimately mixed in a molar 
25 ratio of 1 :1 . Using this powder mixture, an electrode was fabricated in the same manner as in Example 1 Then, a bat- 
tery was constructed by using this electrode in combination with a counter electrode comprising polydimethoxyaniline. 
and evaluated in the same manner as in Example 1 . 

Comparative Example 2 

30 

[0042] The same electrodes as used in the same manner as in Comparative Example 1 were fabricated. Then, a bat- 
tery was constructed by using these electrodes in combination with an electrolytic solution comprising a PC solution 
containing 1M trifluoroacetic acid, and evaluated in the same manner as in Example 1. 
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[0043] It can be seen from the results shown in Table 1 that, with respect to both the nonaqueous and the aqueous 
electrolytic solution, the discharging rate at which the capacity decreased by more than 20% was higher in the exam- 
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pies than in the comparative examples. That is, it can be seen that the batteries constructed in accordance with the 
present invention can be discharged at higher currents and hence have a high power density. 

[0044] This effect of the present invention is believed to be due to the fact that the migration of protons occurs in the 
molecule owing to the interaction between the nitrogen atoms of the nitrogen-containing compound and the quinone as 

s represented by the following formulae, and this activates the oxidation-reduction reaction of the quinone and causes it 
to proceed rapidly. Formula (15) shows the manner in which a hydrogen atom attached to the nitrogen atom of an amino 
group migrates as a proton and binds to an oxygen atom of the quinone. Formula (16) shows the manner in which H+ 
in the vicinity of a nitrogen atom quaternized in a solution of a proton acid (H + X~) migrates and binds to an oxygen atom 
of the quinone. Thus, it is believed that the migration of protons in the molecule enables the reaction of the quinone to 

10 proceed smoothly. 
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35 

[0045] In the comparative examples, polyaniline is formed and then mixed with benzoquinone. For this reason, it is 
impossible to mix them on a molecular level where all benzoquinone interacts with the nitrogen atoms of polyaniline. 
Consequently, it is thought that there is some inactive benzoquinone which does not interact with the nitrogen atoms of 
polyaniline. That is, in the comparative examples, there is a certain proportion of benzoquinone having no polyaniline 

40 molecule in the vicinity thereof, so that some benzoquinone is not activated. On the other hand, in the examples, nitro- 
gen atoms and quinone active groups are originally present in the same molecule and, moreover, in the same structural 
units of the polymer. Consequently, all quinone active groups can interact with nitrogen atoms. The interaction between 
nitrogen atoms and quinone active groups causes the oxidation-reduction reaction of the quinone to proceed rapidly, so 
that a high capacity can be achieved even at high discharging rates. This brings about an improvement in the power 

45 density of the battery. 

[0046] In Examples 1 and 2, the capacity per unit weight of the positive electrode comprising polydiaminoanthraqui- 
none is 140 Ah/kg. On the other hand, in Comparative Example 1 , the capacity per unit weight of the positive electrode 
comprising polyaniline and benzoquinone is 80 Ah/kg. In addition to the above-described fact the interaction between 
all quinone active groups and nitrogen atoms is possible in polydiaminoanthraquinone, this is also believed to be due 
so to the fact that the molecular weight required for the reaction of each electron is decreased owing to the presence of 
nitrogen atoms and quinone active groups in the same molecule, i.e., the number of reacting electrons per molecular 
weight is increased to cause an increase in theoretical capacity. When PVSA is used as a dopant, the theoretical capac- 
ity of polydiaminoanthraquinone used in Examples 1 and 2 is 243 Ah/kg [see formula (17)], whereas the theoretical 
capacity of the mixture of polyaniline and benzoquinone used in Comparative Example 1 is 203 Ah/kg [see formula 

55 (18)]. 
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35 [0047] Moreover, a reduction in cycle characteristics due to the elimination of benzoquinone is noted. In the examples, 
however, the quinone active groups are not eliminated from the electrode because the nitrogen atoms of the nitrogen- 
containing compound and the quinone active groups are present in the same molecular chain and. moreover, in the 
same structural units. Consequently, the batteries can be repeatedly charged and discharged, resulting in a marked 
improvement in cycle characteristics. 

40 [0048] Furthermore, in Example 3, a copolymer was formed from diaminoanthraquinone and aniline constituting poly- 
aniline that is an electrically conductive it-conjugated polymer having electronic conductivity. Since quinone compounds 
inherently have poor electronic conductivity, they require the addition of an electrically conducting additive (e.g., carbon 
powder) when used for battery electrodes. For example, when carbon or the like is added as an electrically conducting 
additive, one cause for the deterioration of cycle characteristics is the fact that the contact with the electrically conduct- 

45 ing additive is lost owing to the volumetric changes of the quinone compound material which accompany the addition 
and elimination of protons during charging and discharging. However, in Example 3 where electrically conductive poly- 
meric units and quinone active groups are present in the same molecule, the copolymer can retain electronic conduc- 
tivity even if its contact with an electrically conducting additive is lost. Consequently, the battery of Example 3 shows an 
improvement in cycle characteristics as compared with those of Examples 1 and 2. 

50 

Claims 

1. An electrode material for use in batteries which comprises a polymer comprised of structural units having a basic 
structure derived from a nitrogen-containing compound and a quinone compound. 

55 

2. An electrode material for use in batteries as claimed in claim 1 , which comprises a copolymer comprised of mono- 
melic units having said basic structure, and monomeric units forming a ^-conjugated polymer. 
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3. An electrode material for use in batteries as claimed in claim 2 wherein the monomeric units forming a n -conjugated 
polymer are units derived from an aniline compound. 

4. An electrode material for use in batteries as claimed in claim 1 , 2 or 3 wherein said basic structure is a fused ring 
s structure derived from a nitrogen-containing cyclic compound and a quinone compound. 

5. An electrode material for use in batteries as claimed in claim 4 wherein the nitrogen-containing cyclic compound is 
an aromatic amino compound. 

w 6. An electrode material for use in batteries as claimed in claim 4 wherein the nitrogen-containing cyclic compound is 
a nitrogen-containing heterocyclic compound. 

7. A battery electrode comprising the material of any one of claims 1 to 6. 

15 8. A battery using a battery electrode comprising the material of any one of claims 1 to 6 as at least one electrode 
thereof. 
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